Abstract. Quenched and unquenched quark models give very distinctive predictions for the lowest Σ * with spin-parity J P = 1/2 − . We report evidence for possible existence of a new Σ * resonance with J P = 1/2 − around 1380 MeV by reexamining data of various relevant reactions.
INTRODUCTION
The classical constituent quark models are based on the assumption of three constituent quarks inside each baryon. They are very successful for the spatial ground state of baryons, but have serious problems for the predictions of baryon excitation states. The lowest excitation of baryons is expected to be the orbital angular momentum L = 1 excitation of a quark, resulting to spin-parity 1/2 − . The N * (1535), Λ * (1405) and Σ * (1620) are the lowest 1/2 − baryons from many experiments [1] . There is a question that why the mass of Λ * (1405) is much less than N * (1535). It is very difficult to explain this problem in the classical 3-quark models, because the Λ * (1405) with (uds)-quarks is obviously expected to be heavier than N * (1535) with (uud)-quarks. Another problem is about thed/ū asymmetry in the proton with the number ofd more thanū by an amountd −ū ≈ 0.12 [2] . If one wants to solve these problems, one should put thecomponents in the baryons. The unquenched models give the good explanation to these problems. For example, in the penta-quark models [3, 4, 5] , the mass of N * (1535) with mainly a [ud][us]s state is heavier than Λ * (1405) with mainly a [ud] [sq]q state with= (uū + dd)/ √ 2. These unquenched models give a new physical picture for the baryonic excitation. Instead of exciting a quark into a higher orbital state, it could be easier to pull out apair from the gluon field. In the penta-quark models [3, 4] , there are many new predictions besides the properties of Λ * (1405) and N * (1535), such as existence of a Σ * (1/2 − ) around 1380 MeV and a Ξ * (1/2 − ) around 1520) MeV, which are both absent in themodels. The Σ * (1/2 − ) is predicted as a non-resonant broad structure in the meson cloud model [6] . These new predictions need to be checked by experiments.
Possible existence of such new Σ * (1/2 − ) structure in J/ψ decays was pointed out earlier [7] and is going to be investigated by forthcoming BES3 experiment [8] , here we report further evidence for the new Σ * resonance with J P = 1/2 − around 1380 MeV by re-examining data of various other relevant reactions.
In the next section, we present the results of refitting the old data of K − p → Λπ + π − reaction for the kaon beam momenta of 1.0 − 1.8 GeV. In the third section, we show results on this reaction for the beam momenta of 0.25 − 0.6 GeV with the K p center-of-mass energy around Λ * (1520) peak. In the fourth section, we report a new study on the reaction γn → K + Σ * − (1385). Then we give the summary in the final section.
The K − p → Λπ + π − reaction was studied about 30 years ago by several bubble chamber experiments [9, 10, 11, 12, 13, 14, 15] . We found that the invariant mass spectra of Λπ − with beam momentum P K − = 1.0 − 1.8GeV [13, 14, 12, 15] cannot be fit as perfect as other sets of data with a single Breit-Wigner resonance. Then we re-fit the Λπ − mass spectrum and angular distribution of this reaction from Ref. [12] which gives the largest data sample. The details about this fit can be found in Ref. [16] . Here we only discuss the main results. The results of the fits with a single (Fit1) and two (Fit2) Σ * resonances around 1385 MeV are shown in Fig. 1 and the fitted parameters and statistical errors are listed in Table 1 . The fit with a single Σ * resonance (Fit1) is already not bad, but the width of Σ * is much larger than the PDG value [1] of 36 ± 5 MeV. The fit with two Σ * resonances (Fit2) gives a less than 3σ improvement, but the narrower Σ * resonance in Fit2 gives a width compatible with the PDG value for the Σ * (1385) resonance. In the Fit2, there is an additional broader Σ * resonance with a width about 120 MeV. This new particle may be the one predicted in the unquenched quark models.
Then we also re-fit distribution of the cos(Λ.K) for this reaction. These experiment data satisfy three conditions [12] . Only data for M Λπ − in the range of 1385 ± 45 MeV and for beam momentum of 1 ∼ 1.45 GeV are used, so we can reduce the background as low as possible. We also ask for cosθ KΣ * > 0.95. For a Σ * with J = 3/2, the angular distribution is expected to be of the form (1 + 3cos 2 θ )/2 [12, 17] ; while for a Σ * with J = 1/2 and background, a flat constant distribution is predicted. The predictions of Fit1 and Fig.2 for the angular distribution are shown by the dashed curve and solid curve with χ 2 of 10.1 and 3.2, respectively. In the Fit2, the ratio of contributions from the narrow Σ * (1385) and the broader Σ * (1/2 − ) is about 1.6.
From above results, we find that it seems improving the fit to experimental data with an additional Σ * (1/2 − ). Although the evidence is weak, the possible existence of such new Σ * (1/2 − ) resonance cannot be excluded while all previous analyses only considered one resonance there. 
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Now we show results for our re-analysis of K − p → Λπ + π − in the energy region around the Λ * (1520) peak. The detailed calculation can be found in Ref. [18] . We consider two cases. Firstly, we assume that the Σ * peak is purely due to the J P = Figs. 5(a) and (b) , respectively. From Fig.5 we see that, the contribution of Σ * 3/2 is distributed at two corners, but of Σ * 1/2 is in the middle. The reason is that the final state particles are in the relative S-wave for the decay Λ * → Σ * ± 3/2 π ∓ with narrow Σ * ± 3/2 width, while they are in the relative P-wave with large Σ * ± 1/2 width. Thus we conclude that there , respectively. . FIGURE 6. Cross sections (left) and linear beam asymmetry (right) for γ + n → K + + Σ ( * )− with cos θ cm = 0.6 − 1.0, compared with the LEPS data [22] should be contribution from the Σ * 1/2 for the reaction at energies around the Λ * (1520) peak.
The LEPS collaboration has recently reported a measurement of the reaction γn → K + Σ * − (1385) → K + Λπ − with linearly polarized photon beam at at E γ = 1.5 − 2.4 GeV [22] . The beam asymmetry is sizably negative at E γ = 1.8 − 2.4GeV, in contrast to theoretical prediction [22, 23] . To solve this discrepancy, we re-studied this process in the framework of the effective Lagrangian approach [24] . By including the newly proposed Σ * (1/2 − ) state with mass around 1380 MeV, the experimental data for both γn and γ p experiments can be well reproduced.
The results for the cross section and the linear beam asymmetry vs. beam energy of the reaction γn → K + Σ * − with cos θ cm ≥ 0.6 are shown and compared with the LEPS data [22] . The solid lines are the results including both Σ * ( production with the contact term parameter h = 1 determined from the γ p → K + Σ * 0 data and the contribution from Σ( + ) production alone with h = 1.11, which also reproduce the data well. To distinguish the two scenarios, to measure the cross sections for the γn → K + Σ * − → K + Λπ − reaction at higher energies will be very helpful as shown in Fig. 6 (left) .
Recently, a closely related process γ p → K + Σπ reaction has been studied by CLAS collaboration at JLab [25] . The invariant mass spectra are found to be different for Σ + π − , Σ − π + and Σ 0 π 0 . This may indicate that besides the well known iso-scalar Λ * (1405) contribution there should be some iso-vector contribution there [26] .
SUMMARY
In summary, we have re-studied the K − p → Λπ + π − reaction at the beam momenta P K = 1.0-1.8 GeV and P K = 0.25-0.60 GeV around the Λ * (1520) peak, and also the γn → K + Σ * − → K + Λπ − reaction. We find that the theoretical results agree much better with the experimental data by including about 40% Σ * (1/2 − ) contribution under the Σ * (1385) peak. The results of this work strongly suggest that the predicted new particle Σ * with J P = 1/2 − may indeed exist. Higher statistic experiments, such as K − p → pΣ * at JPARC, γN → K + Σ * at JLab, Spring-8, ELSA, and ψ →ΣΣ * at BESIII with Σ * → Λπ or Σπ, are necessary to establish this new resonance and to understand its property.
